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LGI, LINGO AND P75NTR FAMILY MEMBERS: NOVEL MODULATORS OF 

NEURONAL GROWTH 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application claims the benefit of U.S. Provisional Application No. 

60/681,175 filed on May 16, 2005, and of U.S. Provisional Application No. 
60/752,41 1 filed on December 22, 2005, both of which are hereby incorporated 
by reference in their entirety. 

FIELD OF THE INVENTION 

10 

The present invention relates to a novel application in the field of 
neurobiology. Specifically, the present invention concerns the use of a leucine- 
rich, glioma-inactivated protein (LGIn), or an analog or derivative thereof, to 
promote the regeneration or remyelination of neurons after injury to the central or 
1 5 peripheral nervous system. 

The present invention is based on the interaction of LGIn with two 
types of cell surface proteins, termed LINGO receptors (LINGOn) and p75 
neurotrophin receptors (p75NTRn), and on their ability to promote the 

20 proliferation and differentiation of myelin producing cells in the peripheral and 
central nervous systems. More specifically, the present invention relates to 
LGIn, including analogs and derivatives thereof, that will block, enhance or 
otherwise modulate these interactions, and includes the use of LGIn to enhance 
the proliferation and differentiation of myelin producing cells in the central and 

25 peripheral nervous systems. 
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BACKGROUND OF THE INVENTION 

Axons in the Central Nervous System Fail to Regenerate 

5 During development, axons extend from neuronal cell bodies towards 

target tissues that they will ultimately innervate. The extending tip of these nerve 
fibers contain a specialized structure, the growth cone, which allows the growing 
neuron to sense and respond to various cues along its path. Once contact is 
made with its target, the growth cone disappears and synaptic connections begin 
10 to form. This process repeats itself several trillion times in development to 
produce the mature mammalian central nervous system (CNS) that includes the 
brain and spinal cord. 

In the adult, traumatic injury and diseases can lead to axonal damage 
1 5 and/or axonal severing and thus cause loss of functional connections. Typically, 
the nerve fiber distal to the damage degenerates whereas the proximal segment, 
which is still attached to the cell body, mounts a regenerative response that 
involves elaboration of a growth cone that attempts to re-grow toward its target. 
In the peripheral nervous system, this rewiring can be quite successful and often 
20 leads to full or partial recovery of function. However, in the central nervous 
system, this regenerative process almost invariably fails, resulting in the 
permanent paralysis and sensory loss seen, for example, after spinal cord injury. 

Over the last three decades, factors that contribute to regenerative 
25 failure in the CNS have been identified. A series of landmark studies by Albert 
Aguayo and Sam David set the stage for this work by demonstrating that 
lesioned CNS neurons will readily grow into peripheral nerves grafted into the 
site of injury (1, 2). The hypothesis that injured CNS neurons are capable of 
regenerating if provided with an appropriate environment led many labs to begin 
30 to search for environmental cues that alter growth of injured central neurons. The 
paradigm that has emerged from these combined efforts is that the adult central 
nervous system contains inhibitory factors that actively block neuronal growth 


WO 2006/136006 


PCT/CA2006/000795 


3 

(3). Notably, several factors present in central nervous system myelin have 
emerged as potent inhibitors of axonal growth. There is now a general 
consensus that blocking the actions of these myelin-based axon growth inhibitors 
(MBGIs) will enhance the ability of CNS neurons to appropriately regenerate in 
5 vivo (4). 

Neuronal Growth Inhibition is Mediated by Specific Ligands and Receptors 

Three MBGIs, termed Nogo-A, myelin associated glycoprotein (MAG) 
10 and oligodendrocyte myelin glycoprotein (OMgp) have thus far been identified. 
All three of these molecules have potent neurite growth inhibitory effects in vitro 
(reviewed in (3)). Considerable attention has focused on Nogo-A because in vivo 
delivery of antibodies directed against this protein can stimulate regeneration 
and functional recovery in animal models of spinal cord trauma (5-8). Mice null 
15 for Nogo-A and MAG have yielded variable results, with some labs reporting a 
slight effect and others reporting none at all (9, 10). The reasons for the limited 
effects seen in these null mice are not entirely clear at present, nevertheless, 
there is strong evidence based on numerous studies that (i) Nogo-A and MAG 
can cause collapse of the growth cone and arrest of nerve fiber growth in vitro 
20 and (ii) blocking Nogo-A or all of the MBGI activities with antibodies promotes 
extensive long distance axon regeneration after spinal cord injuries (7, 8, 11). 
The consensus in the field is that these MBGIs are important contributors to the 
failure of axon regeneration after spinal cord and other CNS damage (12). 

25 MBGIs block regeneration by binding to the surface of neurons and 

inducing collapse of growth cones. The characterization of receptors for these 
factors was a key priority for the field, and the identification of the Nogo receptor 
(NgR) in 2001 by Alyson Fournier was a key breakthrough for two reasons (13). 
First, the NgR, which is a GPI-anchored leucine-rich repeat protein, was the first 

30 MBGI receptor identified and second, it quickly led to the discovery that MAG 
and OMgp, which are also ligands for the NgR (14). Thus, NgR is a common 
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receptor for these three structurally unrelated MBGIs. Recent studies have 
indicated that blocking NgR with a neutralizing peptide or blocking the action of 
MBGIs using soluble NgR promotes growth after spinal cord injury, underlining 
the crucial role for the MBGI-NgR complex in neuronal growth inhibition in vivo 
5 (15,16). 

MBGI Receptor Complexes 

NgR is a not a transmembrane protein but rather is attached to the 

10 membrane via a GPI-linkage (13). This suggests that other transmembrane 
components capable of transducing intracellular signals are likely to be part of an 
MBGI receptor complex. Activation of RhoA, an intracellular GTPase, plays a 
crucial role in the growth inhibitory effect of MBGIs, and therefore, neuronal 
receptors that act as Rho activators are potential components of this complex. 

15 The discovery that p75 neurotrophin receptor (p75NTR) activates RhoA (17) 
prompted studies to determine if p75NTR plays a role in MBGI-induced growth 
inhibition. Consistent with this, Yamashita and colleagues found that MAG- 
induced growth inhibition and RhoA activation are reduced in neurons (CGNs) 
derived from p75NTR nuH mice (18) and others showed that p75NTR forms a 

20 complex with NgR on the cell surface (19, 20). Recently, a transmembrane 
leucine-rich repeat protein termed LING01 has been identified as an additional 
component of the MBGI receptor complex (21). Importantly, the extracellular 
domain of LING01 binds both NgR and p75NTR and in vitro studies have 
indicated that these three receptors collaborate to induce RhoA activation in 

25 response to MAG (18). 

Thus, the MBGI receptor complex best characterized to date consists 
of NgR, p75NTR and LING01 . Interestingly, emerging data suggests that other 
MBGI complexes may also exist. Two homologs of NgR (NgR2 and NgR3) that 
30 are similar in structure to NgR are expressed in mammals (22) and NgR2 has 
recently been shown to have higher affinity for MAG than NgR itself (23). 
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p75NTR also has two close homologs, termed TROY and NRH2, and recent 
studies have revealed that TROY can substitute for p75NTR in the MBGI 
receptor complex (24, 25). The function of NRH2 is not yet clear but is presently 
under intense investigation. LING01 is a member of a family of 4 proteins 
5 (others are LING02, -3 and -4); all are very similar to L1NG01 and it seems likely 
that they may substitute for LING01 in an MBGI complex (21). Thus, there may 
be several similar MBGI receptor complexes that have complementary activities. 
This may explain why mice rendered null for only one of these components show 
little or no deficit in MBGI responses in vivo. Considering these multiple 
10 receptors will be an important consideration when developing therapeutic 
approaches designed to enhance neuronal growth by inhibiting MBGI receptor 
activation. 

LGI1 - An Endogenous MBGI Inhibitor 

The loss of 1 copy of chromosome 10 is a common event in high- 
grade gliomas; in -80% of cases where this occurs, the second copy of 
chromosome 10 shows some type of rearrangement or deletion (26). In 1998, 
Chernova and colleagues isolated a gene, termed LGI1 (for leucine-rich, glioma- 

20 inactivated-1), that was rearranged on chromosome 10 in the T98G and A172 
glioma cell lines and suggested that LGI1 may be a tumor suppressor gene 
involved in the malignant progression of glial tumors (27). However, two studies 
that have directly addressed the role of LGI1 as a tumor suppressor by 
examining the effect of LGI1 overexpression in glioma cell lines that lack 

25 endogenous LGI1 have found opposite results; one reported no effect on growth 
rate, migration or DNA content (28) whereas the other reported that LGI1 
reduced cell proliferation and blocked cell migration (29). 

More recently, two groups have shown that mutations in the LGM 
30 gene are responsible for a relatively rare form of epilepsy termed autosomal 
dominant partial epilepsy with auditory features (ADPEAF) (30-32). Numerous 
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truncation and point mutations in LGI1 that cause ADPEAF have now been 
identified, suggesting that LGI1 normally plays some role in neuronal 
development or maintenance (33-39). Consistent with this, in situ hybridization 
and immunocytochemical analyses have revealed that expression of LGI1 is 
5 predominantly neuronal (30-32). Interestingly, patients with ADPEAF that have 
mutations in the LGI1 gene have normal lifespans and do not show increased 
risk of glioma or other malignancies (40). Together with well-performed in vitro 
studies (28), these data have cast strong doubt on the notion that LGI1 is 
involved in malignant tumor progression. 

10 

Demyelinating Disorders 

The myelin sheath is a crucial element in neuronal function because it 
greatly facilitates the ability of neurons to conduct impulses and because it 

15 protects the axons from injury. In the central nervous system, the ensheathing 
cells are called oligodendrocytes whereas in the peripheral nervous system, 
myelination is performed by Schwann cells. In adults, traumatic injury or 
diseases, such as multiple sclerosis (MS) or the leukodystrophies, can result in 
demyelination, the destruction, loss or removal of the protective myelin sheath 

20 that covers axons in the central nervous system. 

Multiple sclerosis is an auto-immune disease and treatment efforts 
have focused on modulating immunological responses to presumed foreign 
antigens or self-antigens. This approach has proven useful in preventing 
25 damage from occurring but does not address the problem of repairing residual 
damage which can have devastating consequences for patients. The consensus 
among MS specialists is that neurodegeneration and the failure to repair 
damaged CNS tissue may play a critical role in accumulating clinical disability 
[52]. 
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A major goal in treating lesions in central demyelinating disorders 
such as MS is to promote remyelination. After a disease episode, some 
remyelination can occur without intervention and treatments that enhance this 
natural process would likely have therapeutic benefit for patients suffering 
5 demyelinating disorders [53]. Importantly, myelin sheaths that are produced after 
demyelinating epidodes are not made by mature oligodendrocytes that survive 
the insult but instead are produced from oligodendrocyte precursor cells (OPCs) 
present throughout the adult CNS [54-57J. After demyelination, these cells 
proliferate, migrate, and occupy the demyelinated area [58-60]. For remyelination 
10 to occur, the recruited OPCs must engage demyelinated axons, restoring new 
myelin sheaths as they differentiate into mature oligodendrocytes. 

SUMMARY OF THE INVENTION 

15 In accordance with the present invention, there is provided a novel 

method to promote regeneration of neurons after injury to the central nervous 
system. More specifically, this method comprises the use (or administration) of a 
leucine-rich, glioma-inactivated protein (LGIn), or an analog or a derivative 
thereof, to promote the regeneration of neurons after injury to the central nervous 

20 system or peripheral nervous system. The LGIn is selected from the group 
consisting of LGI1, LGI2, LGI3 and LGI4. One of the advantages of the method 
of the present invention resides in the fact that the LGIns are soluble proteins 
that are indigenous to mammals that can be applied directly at the site of injury. 

25 LGIns are believed to function by (i) blocking the action of a myelin- 

based axon growth inhibitor (MBGI) in order to enhance the ability of neurons of 
the central nervous system to regenerate and (ii) inhibiting growth cone collapse 
induced by Nogo66 or myelin. 

30 Experimental results reported here further suggest that a functional 

interaction between LGIn, LINGOn and p75NTRn plays a crucial role in 
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regulating the differentiation phase of oligodendrocyte precursor cells (OPCs) 
and that this can be exploited for clinical benefit Consequently, in accordance 
with the present invention, there is further provided a novel method to promote 
myelination of neurons to treat demyelinating disorders of the central or 
5 peripheral nervous systems. More specifically, this method comprises the use 
(or administration) of a LGIn, or an analog or a derivative thereof, to bind 
LINGOn or p75NTRn to treat demyelinating disorders of the central or peripheral 
nervous systems that may result from trauma, from disease or from chemical 
toxins. 

10 

The LGIn is selected from the group consisting of LGI1, LGI2, LGI3 
and LGI4 and the LINGOn is selected from the group consisting of LING01, 
LING02, LING03 and LING04. LGIns are believed to function in this context by 
binding to LINGOns and p75NTRns at the cell surface and modulating 
1 5 intracellular signaling cascades that are regulated by LINGOn and p75NTRn. 

LGIns may also be effective when placed in contact with OPCs. By 
enhancing proliferation of OPCs, LGIns may be used to expand pools of myelin- 
producing cells, thereby increasing the likelihood of re-myelination. 

20 

The present invention further includes assays based on the use of a 
LGIn, an analog or a derivative thereof. LGIn can be used in this manner to 
determine growth cone collapse which has an impact on neurite outgrowth, to 
measure the interaction of LGIn with LINGOn and p75NTRn, to measure the 
25 interaction of LGIn with OPCs, and to identify factors that enhance or disrupt any 
of these interactions. 

Finally, the invention includes cell lines capable of expressing LGIn, 
LINGOn and p75NTRn, as well as the proteins purified from these cells. 


30 
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Other objects, advantages and features of the present invention will 
become more apparent upon reading of the following non restrictive description 
of preferred embodiments thereof, given by way of example only with reference 
to the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: The LGI1 gene encodes a 557 amino acid protein that is 
almost 100% conserved between mice, rats and humans; 

10 Figure 2: Evidence showing that pulse labeled LGI1 quickly exits 

cells and accumulates in conditioned media; 

Figure 3: Illustration showing a) that LGI1 binds to p75IMTR or 
LING01, expressed alone or together, but does not bind NgR, and b) that LGI1 
1 5 overexpression drastically reduces the association of p75NTR and LING01 with 
the NgR; 

Figure 4: Demonstration that LGI1 does indeed antagonizes the 
growth cone collapse activity of Nogo on primary sensory neurons; 

20 

Figure 5: Demonstration that LGI1 facilitates neurite outgrowth on 
inhibitory substrates; and 

Figure 6: Effect of LGI1 on the oligodendrocyte-derived cell line 

25 OLN93. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Definitions 

30 

Unless defined otherwise, the scientific and technological terms and 
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nomenclature used herein have the same meaning as commonly understood by 
a person of ordinary skill in the art to which the present invention belongs. 
Generally, the procedures for cell cultures, infection, molecular biology methods 
and the like are common methods used in the art. Such standard techniques 
5 can be found in reference manuals such as for example Sambrook et al. (1989, 
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratories) and 
Ausubel et al. (1 994, Current Protocols in Molecular Biology, Wiley, New York). ' 

All publications mentioned herein are hereby incorporated by 
10 reference for the purpose of disclosing and describing the particular materials 
and methodologies for which the reference was cited. The publications 
discussed herein are provided solely for their disclosure prior to the filing date of 
the present application. Nothing herein is to be construed as an admission that 
the invention is not entitled to antedate such disclosure by virtue of prior 
15 invention. 

Use of the singular forms "a," "an," and "the" include plural references 
unless the context clearly dictates otherwise. Thus, for example, reference to "a 
LGIn" includes a plurality of LGIns. 

As used in this specification and claim(s), the words "comprising" 
20 (and any form of comprising, such as "comprise" and "comprises"), "having" (and 
any form of having, such as "have" and "has"), "including" (and any form of 
including, such as "include" and "includes") or "containing" (and any form of 
containing, such as "contain" and "contains"), are inclusive or open-ended and 
do not exclude additional, unrecited elements or process steps. 

25 Analog: A peptide that is related to a LGIn, LINGOn or p75NTRn 

protein but which has been modified. This modification does not, however, alter 
the biological activity of the interaction domain. Reasons for modifications 
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include, but are not limited to, increasing the peptide's stability and solubility, 
decreasing the probability of denaturation, reducing manufacturing costs and 
enhancing large-scale manufacturing. 

5 Derivative: A derivative denotes, in the context of a functional 

derivative of a sequence whether a nucleic acid or amino acid sequence, a 
molecule that retains a biological activity (either function or structural) that is 
substantially similar to that of the original sequence. This functional derivative or 
equivalent may be a natural derivative or may be prepared synthetically. Such 

10 derivatives include amino acid sequences having substitutions, deletions, or 
additions of one or more amino acids, as well as chemical mimics, provided that 
the biological activity of the protein is conserved. The same applies to derivatives 
of nucleic acid sequences which can have substitutions, deletions, or additions 
of one or more nucleotides, provided that the biological activity of the sequence 

15 is generally maintained. When relating to a protein sequence, the substituting 
amino acid generally has chemico-physical properties which are similar to that of 
the substituted amino acid. The similar chemico-physical properties include, 
similarities in charge, bulkiness, hydrophobicity, hydrophilicity and the like. The 
term derivative is intended to include fragments, segments, variants, analogs or 

20 chemical derivatives, including non-peptide chemical derivatives, of the subject 
matter of the present invention. 

LGIn protein: Leucine-rich, glioma-inactivated protein. LGIns are 
proteins secreted by glial cells and neurons in the central nervous system that 

25 promote regeneration of neurons after injury to the central nervous system. Four 
members of this highly similar family of proteins have been identified to date: LGI1 , 
LGI2, LGI3 and LGI4. The protein LGI1, LGI2, LGI3 and LGI4 referred to in this 
application specify the proteins described in NCBI-GenBank Flat File Release 153.0 
as records NP_005088.1, NP_060646.2, NP_644807.1, and NP_644813.1, 

30 respectively. Of the four, only LGI1 .has been characterized. The LGI1 gene 
encodes a 557 amino acid protein that is almost 100% conserved between mice, 
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rats and humans. It consists of an NH2 signal peptide, 3.5 leucine-rich repeats 
(LRRs) with conserved cysteine-rich flanking sequences and an extended 
domain consisting of a 7-fold repeated 44-residue motif. The architecture and 
structural features of this latter region, termed the EAR or EPTP domain [42, 43], 
5 suggests that it is a protein interaction domain that contains a 7-bladed beta- 
propeller fold. 

LINGOn protein: Four members of this highly similar family of 
receptor proteins have been identified to date: LING01, LING02, LING03 and 

10 LING04. The proteins LING01 I UNG02,LING03 and LING04 referred to in this 
application specify the human proteins described in NCBI-GenBank Flat File 
Release 153.0 as records NP_1 161 97.4, XP_944870.1, CAC22713.1, and 
NP_00 1004432.1 , respectively. Of the four, only LING01 has been characterized. 
LING01 contains 12 leucine-rich repeat (LRR) motifs flanked by N- and C- 

1 5 terminal capping domains, has one extracellular immunoglobulin (Ig) domain, a 
transmembrane domain and a short cytoplasmic tail. A canonical epidermal 
growth factor receptor-like tyrosine phosphorylation site has been identified in 
the cytoplasmic tail. 

20 

p75NTRn: The p75NTR family consists of two closely related 
members of the tumor necrosis factor receptor superfamily named p75NTR and 
TROY (also known as tumor necrosis family members 16 and 19, respectively). 
Each receptor contains extracellular cysteine-rich domains, a transmembrane 
25 domain and a cytoplasmic region that contains a juxtamembrane region and a 
death domain. 

Results 

30 The amino acid sequences of mouse, rat and human LGI1 (denoted 

mLGH, rLGM and HLGI1, respectively, are shown in Figure 1. Figure 1(A) 
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shows the alignment of the amino acid sequences of mouse, rat and human 
LGI1. Human and mouse LGI1 are 96% identical (540/557 residues). Figure 
1 (B) is a schematic diagram representing domains present in LGI1 (NTF = amino 
terminal LRR flanking domain, CTF = carboxy terminal LRR flanking domain, 
5 LRRs = leucine-rich repeats). 

Figure 2 provides evidence that LGI1 is a secreted protein. HEK293 
cells were transfected with a plasmid encoding LGI1-FLAG or a control vector, 
incubated with 35 S-Translabel (ICN) for 30 minutes, and then chased with media 

10 containing an excess of unlabelled cysteine and methionine for 10, 30 and 60 
minutes, as indicated. LGI1-FLAG was immunoprecipitated using an an anti- 
FLAG antibody and analysed by SDS-PAGE/fluorography (Figure 2(A)). 
HEK293 cells were transfected with a plasmid encoding LGI1-FLAG or a control 
vector and allowed to condition in media for 72 hours. LGI1-FLAG was 

1 5 immunoprecipitated using an anti-FLAG antibody and analysed on immunoblots 
using anti-FLAG antibodies (Figure 2(B)). 

The results of Figure 3 show that LGI1 binds 75NTR and LING01 
and disrupts the p75NTR-NgR complex. In Figure 3(A), HEK293 cells were 

20 transfected with plasmids encoding LGI1-FLAG, LING01 and/or p75NTR. 
Forty-eight (48) hours later, the cells were lysed and LGI1-FLAG was 
immunoprecipitated using an anti-FLAG antibody. Immunoprecipitates analysed 
by immunoblot using p75NTR and LING01 antibodies revealed specific co- 
immunoprecipitation of p75NTR and LING01 with LGI1-FLAG. In Figure 3(B), 

25 HEK293 cells were transfected with plasmids encoding LGI1-FLAG, p75NTR or 
NgR-Myc. Forty-eight (48) hours later, the cells were lysed and 
immunoprecipitated using anti-Myc or anti-FLAG antibodies. Immunoprecipitates 
analysed by immunoblot using anti-p75NTR, anti-NgR and anti-FLAG revealed 
that LGI1 expression greatly reduces the association of p75NTR and NgR. 

30 
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The micrographs shown in Figure 4(A) establish that LGI1-FLAG 
inhibits Nogo66-induced growth-cone collapse. The incidence of growth cone 
collapse was quantified in Figure (B), in accordance with the method described 
by Y. Luo et al [46]. Briefly, growth cone collapse assays were performed on 
5 E13 chick DRG explants as described by Y. Luo et al [46] using media 
conditioned by HEK293 cells transfected with LGI1-FLAG (LGI1) or with parental 
vector (293T). A representative set of micrographs (Figure 4(A)) shows growth 
cone collapse induced by myelin and the protection conferred by LGI1 
conditioned media. Quantification of the growth cone collapse (Figure 4(B)) 
10 reveals that cells treated with LGI1 conditioned media show a statistically 
significant reduction in growth cone collapse over controls ('*' = P<0.05). 

Figure 5 shows that LGI1-FLAG facilitates growth of central neurons 
plated on an inhibitory substrate. Dissociated cerebellar neurons derived from 
1 5 P8 rat pups were plated on increasing concentrations of myelin in the presence 
of media conditioned by HEK293 cells transfected with LGI1-FLAG (LGI1) or with 
parental vector (293T). Twenty-four (24) hours later, neurite outgrowth was 
quantified using Neuron J as described by A. Fournier et al [13]. 

20 To begin to elucidate the function of LGI1 on oligodendrocytes, the 

effect of LGI1 on OLN93 cells, a rat oligodendrocyte cell line, was analysed. For 
this, serum-starved OLN93 cells were treated with conditioned media containing 
LGI1-Flag or with control conditioned media lacking LGI1-Flag. Under conditions 
of serum-starvation, OLN93 cells become metabolically inactive and eventually 

25 die. Figure 6 shows that cells treated with HEK293 conditioned media show an 
increase in metabolic activity relative to the DMEM control, and this was 
increased still further using conditioned media containing LGI1-Flag. The media 
was provided directly or after immunodepletion with Flag-specific antibodies (ID). 

30 To confirm that LGI1-Flag actually contributed to the proliferation 

effect, anti-Flag antibodies were used to remove LGH-Flag from the conditioned 
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media. The immunodepleted media showed a dramatic reduction in its ability to 
support OLN93 cells. Importantly, anti-Flag immunodepletion of control media 
(DMEM) had no effect. 

5 Discussion 

LRR-containing proteins are involved in cell-cell adhesion and neurite 
process outgrowth (43, 44) and it is hypothesized that LGI1 is a secreted protein 
that functions to regulate axonal growth. The following summarizes how this 
1 0 possibility was analyzed. 

LGI1 was originally hypothesized to be a Type I membrane protein 
(27). It has since been established that LGI1 is actually a secreted protein by 
performing pulse-chase analyses on HEK293 cells transfected with a cDNA 
15 encoding LGI1 -FLAG. Figure 2 shows that pulse labeled LGI1 quickly exits cells 
and accumulates in conditioned media. Immunocytochemical and cell surface 
biotinylation analyses established that LGI1 does not accumulate on the cell 
surface (data not shown), consistent with the hypothesis that the protein is 
secreted. 

20 

LGI1 was examined to determine whether it binds NgR, p75NTR or 
LING01, the cell surface receptors that comprise MGBI receptors. For these 
experiments, LGI1-FLAG was co-expressed with these receptors, either alone or 
in combination, before attempting to co-immunoprecipitate (igand-receptor 
25 complexes using anti-FLAG antibodies. Figure 3(A) shows that LGI1 binds to 
p75NTR or LING01, expressed alone or together, but does not bind NgR. 

In a separate set of experiments, LGI1 was examined to determine 
whether it binds LING01 or p75NTR. For these experiments, LGI1-Fc was co- 
30 expressed with LING01 and p75NTR, either alone or in combination, before 
attempting to co-immunoprecipitate ligand-receptor complexes using Protein A- 
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conjugated beads. These experiments confirmed that LGI1 specifically binds to 
LING01 andtop75NTR. The experiments also indicate that LGI1 does not bind 
to Robo, a distantly related LRR receptor (results not shown). 

5 Because NgR is the MBGI-binding component of the receptor 

complex, these results raised the possibility that LGI1 may bind p75NTR and 
UNG01, displace NgR from the MBGI complex and thereby attenuate MBGI 
signaling. Consistent with this, Figure 3(B) shows that LGI1 overexpression 
drastically reduces the association of p75NTR and LING01 with the NgR. 

10 

To examine the functional consequences of LGI1 on MBGI action, 
experiments were devised to test whether LGI1 antagonizes the actions of Nogo. 
In a first set of experiments, the focus was on whether LGI1 prevents growth 
cone collapse induced by Nogo66 (the biologically active fragment of Nogo that 
15 binds NgR). Figure 4 shows that LGI1 does indeed antagonize the growth cone 
collapse activity of Nogo on primary sensory neurons. 

Primary cerebellar neurons maintained in the presence of MBGIs 
activate signaling pathways that inhibit growth cone extension and as a result 
20 show little or no neurite outgrowth. In one set of experiments, the focus of the 
investigation was on whether LGI1 can "inhibit this inhibition" and thus promote 
neurite growth from primary cerebellar neurons maintained in the presence of 
myelin. Figure 5 demonstrates that LGI1 does indeed facilitate neurite outgrowth 
on inhibitory substrates. 

25 

Recent discoveries have indicated a role for LGI4 in peripheral nerve 
myelination and for LING01 in CNS myelination [25, 27]. The above results show 
that LGI1 specifically binds to LING01. Consequently, it is hypothesized that 
LGIn regulate myelination through interactions with LINGOn. 

30 

The above results are significant for several reasons. First, they 
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demonstrate that LGI1 is a secreted protein and therefore likely to bind cell 
surface proteins. Second, they identify p75NTR and LING01 , components of the 
MBGI receptor complex, as LGI1 binding partners. Third, these findings show 
that LGI1 acts to displace NgR from the MBGI receptor complex and to 
5 antagonize MBGI action. This is a major finding because it demonstrates that 
inhibitors of MBGI action are produced endogenously. This, in turn, raises the 
possibility that LGI1 or related molecules can be utilized therapeutically to 
promote neuronal growth in the damaged CNS. 

10 The above results are also significant because they suggest that the 

function of LGI1 is to facilitate proliferation of oligodendrocyte precursor cells 
(OPCs). Myelin ensheathing cells of the CNS and PNS have to go through 
several developmental stages. As they migrate to their destination in the nervous 
system, they initially proliferate at a high rate but then drop out of the cell cycle 

15 and begin to produce myelin and extend processes the envelop the nerve 
sheath. It would appear that LGI1 may function by preventing the cell cycle exit 
of these cells, thereby locking' them in a proliferative phase until the appropriate 
stage of development. This has clinical implications since it suggests that LGI1 
(and by extension, LGI2, LGI3, LGI4) may be used to expand pools of myelin- 

20 producing cells and thereby increase likelihood of re-myelination through indirect 
means. 

While the emphasis in the above description may have been placed 
on the repair or regeneration of cells of the central nervous system, it is believed 
25 that members of the LGIn family would also be effective in the repair and 
regeneration of cells of the peripheral nervous system. Consequently, 
applications specific to the repair and regeneration of the peripheral nervous 
system are also encompassed by the scope of the present invention. 

30 Although the present invention has been described hereinabove by 

way of preferred embodiments thereof, it can be modified without departing from 
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the spirit, scope and nature of the subject invention, as defined in the appended 
claims. 
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WHAT IS CLAIMED IS : 

1 . Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to promote the regeneration of neurons after injury to 

5 the central nervous system. 

2. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to block the action of a myelin-based axon growth 
inhibitor (MBGI) in order to enhance the ability of neurons of the central 

1 0 nervous system to regenerate. 

3. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to inhibit growth cone collapse induced by Nogo66 or 
myelin. 

15 

4. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to reduce the association of p75NTRn, LINGOn, or 
p75NTRn and LINGOn with the Nogo receptor (NgR). 

20 5. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to promote the regeneration or repair of the central or 
peripheral nervous system. 

6. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
25 derivative thereof, to promote the remyelination of neurons after injury to 

or disease of to the central or peripheral nervous system. 


30 


7. 


Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or 
derivative thereof, to modulate the action of LINGOn in regulating 
myelination in the peripheral or central nervous system. 


WO 2006/136006 


PCT/CA2006/000795 


27 


8. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to modulate the action of p75NTRn in regulating 
myelination in the peripheral or central nervous system. 

5 9. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
derivative thereof, to promote the regeneration or repair of the peripheral 
nervous system. 

10. Use of a leucine-rich, glioma-inactivated protein (LGIn), an analog or a 
1 0 derivative thereof, to facilitate proliferation of oligodendrocyte precursor 

cells (OPCs) and thereby expand pools of myelin-producing cells. 

11. A use as defined in any one of claims 1-10, wherein said LGIn is selected 
from the group consisting of LGI1, LGI2, LGI3 and LGI4. 

15 

12. A use as defined in claim 4 or 7, wherein said LINGOn is selected from 
the group consisting of LINGO-1, LINGO-2, LINGO-3 and LINGO-4. 

1-3. A use as defined in claim 4 or 7, wherein said LGIn is selected from the 
20 group consisting of LGI1, LGI2, LGI3 and LGI4 and said LINGOn is 

selected from the group consisting of LINGO-1, LINGO-2, LINGO-3 and 
LINGO-4. 

14. A use as defined in claim 4 or 8, wherein said p75NTRn is selected from 
25 the group consisting of p75NTR and Troy. 

15. A use as defined in claim 4 or 8, wherein said LGIn is selected from the 
group consisting of LGI1, LGI2, LGI3 and LGI4 and said p75NTRn is 
selected from the group consisting of p75NTR and Troy. 

30 
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16. A use as defined in claim 4, wherein said LGIn is selected from the group 
consisting of LGI1, LGI2, LGI3 and LGI4, said LINGOn is selected from 
the group consisting of LINGO-1, LINGO-2, LINGO-3 and LINGO-4,and 
said p75NTRn is selected from the group consisting of p75NTR and Troy. 

17. A method of treating central or peripheral nerve damage comprising the 
administration of an effective amount of a leucine-rich, glioma-inactivated 
protein (LGIn), an analog or a derivative thereof, to the site of the 
damage. 

18. A method as defined in claim 17, wherein said LGIn is selected from the 
group consisting of LGI1, LGI2, LGI3 and LGI4. 


19. A method of identifying whether an LGIn can reverse the effects of a 
15 compound that causes growth cone collapse of primary cerebellar 

neurons maintained in the presence of myelin, the method comprising: 


Plating central neurons on the compound; and 


20 Measuring neurite outgrowth in the presence and absence of said LGIn to 

determine whether said LGIn reverses the effects of said test compound. 

20. A method of identifying a compound that interferes with the interaction of 
a LGIn with LINGOn, the method comprising: 

25 

Providing a cell that expresses LINGOn; and 

Contacting the cell with said compound in the presence and absence of 
said LGIn to determine whether said LGIn competes with said test 
compound for LINGOn. 


30 
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21 . A method of identifying a compound that interferes with the interaction of 
a LGIn with p75NTRn, the method comprising: 

Providing a cell that expresses p75NTRn; and 
5 Contacting the cell with said compound in the presence and absence of 

said LGIn to- determine whether said LGIn competes with said test 
compound for p75NTRn. 

22. A method of identifying a compound that interferes with the interaction of 
10 LGIn and OPCs, the method comprising: 


Contacting the compound with OPCs; and 

Measuring whether proliferation of OPCs is increased in the presence of 
LGIn. 

15 

23. A method as identified in any one of claims 19-22, wherein said LGIn is 
selected from the group consisting of LGI1, LGI2, LGI3 and LGI4. 

24. A method as defined in claim 20, wherein said LINGOn is selected from 
20 the group consisting of LINGO-1 , LINGO-2, LINGO-3 and LINGO-4. 

25. A method as defined in claim 20, wherein said LGIn is selected from the 
1 group consisting of LGI1, LGI2, LGI3 and LGI4 and said LINGO-1 is 

selected from the group consisting of LINGO-1 , LINGO-2, LINGO-3 and 
25 LINGO-4. 


26. A method as defined in claim 21 , wherein said p75NTRn is selected from 
the group consising of p75NTR and Troy. 

30 27 . A method as defined in claim 21 , wherein said LGIn is selected from the 
group consisting of LGI1, LGI2, LGI3 and LGI4 and said p75NTR is 
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selected from the group consisting of p75NTR and Troy. 

28. A cultured cell transfected with a vector, wherein the cell expresses LGI1- 
FLAG. 

29. A cultured cell transfected with vectors, wherein the cell expresses LGI1- 
FLAG and UNGO-1. 


30. A cultured cell transfected with vectors, wherein the eel! expresses LGI1- 
10 FLAG and p75NTR. 

31 . A cultured cell transfected with vectors, wherein the cell expresses LGI1- 
FLAG; UNGO-1 and p75NTR. 

15 . 32. A cultured cell as defined in anyone of claims 28-31, wherein said cell is 
a HEK293 cell. 

33. A method of producing LGI1-FLAG, the method comprising culturing the 
cell of claim 28 under conditions permitting expression under the control 

20 of an expression control sequence, and purifying the LGI1 -FLAG from the 

cell or the medium of the cell. 

34. A method of producing LGI1-FLAG and LINGO-1, the method comprising 
culturing the cell of claim 29 under conditions permitting expression 

25 under the control of an expression control sequence, and purifying the 

LGI1-FLAG and LINGO-1 from the cell or the medium of the cell. 

35. A method of producing LGI1 -FLAG and p75NTR, the method comprising 
culturing the cell of claim 30 under conditions permitting expression 

30 under the control of an expression control sequence, and purifying the 

LG 11 -FLAG and p75NTR from the cell or the medium of the cell. 
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36. A method of producing LGI1-FLAG, LINGO-1 and p75NTR, the method 
comprising culturing the cell of claim 31 under conditions permitting 
expression under the control of an expression control sequence, and 

5 purifying the LGI1-FLAG, LINGO-1 and p75NTR from the cell or the 

medium of the cell. 

37. A method as defined in any one of claims 33-36, wherein said cell is a 
HEK293 cell. 
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Claims 17 and 18 are directed to a method of medical treatment of the hiimartf animal body which this Authority is not required to 
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inactivated protein to regenerate neurons of the central and peripheral nervous system. 

2. [ ] ClaimNos. : 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent 
that no meaningful international search can be carried out specifically : 


Claim Nos. : 

because they are dependant claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 


Boi No. Ill Observations w here unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows : 
See supplemental page 


1 . [ ] As all required additional search fees were timely paid by the applicant, this intemational search report covers all 

searchable claims. ^ 

2. [X ] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite 

payment of additional fees. 

3. [ ] As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claim Nos. : 


4. [ ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claim Nos. : 

Remark on Protest [ ] The additional search fees were accompanied by the applicant's protest and, where applicable, 

the payment of a protest fee. 
[ ] The additional search fees were accompanied by the applicants protest but the applicable protest 

fee was not paid within the time limit specified in the invitation. 
[ ] No protest accompanied the payment of additional search fees. 
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Continuation of Box III: 

There is no single inventive link between groups I and IV 

Group I includes claims 1-3, 5, 6, 9-11, 17-19, 22, 23 (partially), 28, 32 (partially), 33 and 37 (partially) that are directed to the use of a 
leucine-rich glioma-inactivated protein to promote the regeneration of neurons of the central nervous system (claims 1 and 2), to inhibit 
growth collapse induced by Nogo66 (claim 3), use of a leucine-rich glioma-inactivated protein to promote the regeneration of neurons of the 
central nervous system or peripheral nervous system (claim 5), to promote remyelination of neurons of the central or peripheral nervous 
system (claim 6), to promote the regeneration or repair of the peripheral nervous system (claim 9), the use of a leucine-rich glioma- 
inactivated protein to facilitate the proliferation oligodendrocyte precursor cells (OPCs) and expand pools of myelin producing cells (claims 
10 and 1 1), a method of treating central or peripheral nerve damage (claims 17 and 1 8), a method of identifying whether LGln can reverse 
the effects of a compound that causes growth cone collapse (claim 1 9) s a method of identifying a compound that interferes with the 
interaction of LGln and OPCs (claims 22 and 23), a cultured cell transfected with LG11-1-FLAG (claims 28 and 32) and a method for 
producing LG11-1-FLAG (claims 33 and 37); 

Group n includes claims 4 (partially), 7, 12-16 (partially), 20, 23 (partially), 24 , 25, 29, 32 (partially), 34 and 37 (partially) that are 
directed to the use of a leucine-rich glioma-inactivated protein to reduce the association of p75NTRn ; LINGOn or p75TRn and JJNGOn 
with the Nogo receptor (claims 4 and 12-16), the use of LGll to modulate the action of LINGOn in regulating myelination in the peripheral 
or central nervous system (claim 7), a method of identifying a compound that interferes with .the interaction of a LGln with LINGOn (claims 
20 and 23-25), a cultured cell transfected with LGll -FLAG and LINGO-1 (claims 29 and 32) and a method for producing LGll -FLAG and 
LINGO-1 (claim 34 and 37); 

Group m includes claims 4 (partially), 8, 14-15 (partially), 21, 23 (partially), 26, 27, 30, 32 (partially), 35 and 37 (partially) that are 
directed to the use of a leucine-rich glioma-inactivated protein to reduce the association of p75NTRn ; LINGOn or p75TRn and LINGOn 
with the Nogo receptor (claims 4, 1 4 and 1 5), the use of a leucine-rich glioma-inactivated protein to modulate the action of p75NTRn in 
regulating myelination in the peripheral or central nervous system (claim 8), a method of identifying a compound that interferes with the 
interaction of a LGLn with p75NTR (claims 21, 23, 26 and 27), a cultured cell transfected with LGll -FLAG and p75NTR (claims 30 and 
32) and a method for producing LGll -FLAG and p75NTR (claims 35 and 37), and 

Group IV includes claims 31, 32 (partially), 36 and 37 (partially) that are directed to a cultured cell transfected with LGll -FLAG and 
p75NTR and LINGO-1 (claims 31 and 32) and a method for producing LGll -FLAG and p75NTR and LINGO-1 (claims 36 and 37). 

There is no single inventive link between claims of groups I to IV. Claims of group I teach methods or uses of LGll that can promote the 
regeneration of the central and peripheral nervous systems. Claims of group II focus on interactions between LGll and LINGOn and a 
method for producing LGll -FLAG and LINGO-1 . Claims of group m focus on interactions between LGll and p75NTR and a method for 
producing LGll -FLAG and p75NTR. Finally claims of group IVare directed to a cultured cell transfected with LGll -FLAG and p75NTR 
and LINGO-1 and a method for producing LGll -FLAG and p75NTR and LINGO-1 . The only common link between claims of group I-IVis 
the LGll protein but LGll cannot serve as a single inventive link because LGll was well known at the time of filing. Group IV can go in 
either group II or group HI if the common link between all three groups is directed to a method for disassembling the myelin based axon 
growth inhibitor complex. As drafted however, claims of groups I-IV are considered separate inventions. 
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